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“I

think about climate often. It’s hard not to — I doubt a
day goes by that I don’t see an article, news report, or
email that mentions climate,” writes past editor-in-chief
Cynthia Mascone in the editorial of CEP’s special issue,
“Thinking About Climate.” She explains that the openaccess digital issue (aiche.org/cep/climate-issue), a collaboration between CEP and Texas A&M professor Mark
Holtzapple, looks at climate through a chemical engineering lens, with articles that address observations, modeling, impacts, and solutions. The issue is not meant to be a
definitive treatment of the subject. But with 119 figures,
seven tables, two sidebars, and 210 reference citations, it
provides a wealth of information on the basics of climate
and climate change and “is intended to provide an overview that helps you to think about climate without getting
lost in the claims and counterclaims,” she says.
The introductory article sets the stage for the climate
change discussion. It provides an overview of the early scientific reports about global warming and climate change, a
few of the international agreements aimed at reducing greenhouse gas (GHG) emissions, energy industry statements and
insurance industry perspectives, concerns about the impacts
of climate change on the military, and Pope Francis’s encyclical on climate change. It also takes a look at the depiction
of climate change in film.
Concluding Part 1, Holtzapple writes: “In the future, the
industries served by chemical engineers are likely to be subjected to regulations that restrict or penalize carbon dioxide
emissions. Chemical engineers have the intellectual skills to
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respond to these challenges. Therefore, it is incumbent on us
to educate ourselves about climate change so we can adapt
and help shape a sustainable future.”
Climate observations. The second article documents the
increases in atmospheric carbon dioxide concentrations and
global average temperatures that have occurred since the
beginning of the industrial age in the mid-1800s. Sources
cited include datasets based on instrumental records and
satellite measurements from a variety of organizations.
“Despite the numerous challenges associated with measuring
average global temperature, the various sources report very
similar findings” (Figure 1) … and “surface measurements
are consistent with satellite temperature measurements,”
Holtzapple writes.
Figure 2 shows extreme Arctic warming in February
2018, with an anomaly of 12.3°C. A temperature anomaly is
the difference between a given temperature and a baseline
temperature. In this case, the baseline is the global average
temperature over the period 1951–1980, which is estimated
to be 14.0°C.
Climate modeling. Holtzapple notes that “measurements
taken during the last 140 years show that global temperature and carbon dioxide concentrations are correlated”
(Figure 3). “However, correlation does not imply causation.
Identifying causation requires a deeper understanding of the
underlying phenomena that link the correlated variables,”
he says. Because we do not have an experimental Earth
and a control Earth that we could subject to experiments,
the only available tool for discerning the impacts of human
February 2018
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p Figure 1. Data on the global average temperature anomaly are consistent
among multiple datasets. Source: NASA Jet Propulsion Laboratory, “Scientific Consensus: Earth’s Climate is Warming,” NASA, climate.nasa.gov/scientific-consensus
(accessed Sept. 7, 2020.)
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p Figure 2. Global ocean and land temperature anomalies in February 2018
reveal extreme Arctic warming. The temperature anomaly is relative to the global
average temperature from 1951 to 1920, which is estimated to be 14.0°C. Source:
Data from NASA Goddard Institute for Space Studies, “GISS Surface Temperature
Analysis (GISTEMP v4),” data.giss.nasa.gov/gistemp (accessed Sept. 7, 2020).
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activity on the Earth is modeling. Climate models are based
on the laws of physics and include scientific measurements
(e.g., heat capacity, density, thermal conductivity, reflectivity) that are incorporated into computer simulations of the
Earth. In some cases, the models are extremely simple,
whereas in other cases, the models are exceedingly complex. And while all models are imperfect, they often provide
useful information, he says.
Impacts of climate change. Part 4 takes an in-depth look
at the far-reaching impacts of climate change now and into
the future. It covers impacts that are manifested in: plant
growth; permafrost; sea ice, land ice, and glaciers; sea levels; precipitation; droughts; oceans; ecology; heatwaves; and
agriculture. It also discusses several climate contributors that
could reach a tipping point (i.e., a critical condition beyond
which a significant and often unstoppable change occurs) —
thermohaline circulation, permafrost, and methane hydrates.
Key findings of the United Nations (UN) Intergovernmental Panel on Climate Change (IPCC) regarding future
anthropogenic climate change (ipcc.ch/pdf/assessmentreport/ar5/wg2/ar5_wgII_spm_en.pdf) include:
• Species with limited adaptive response (e.g., coral) are
most vulnerable.
• Impacts that have already been demonstrated (e.g., ice
melting, permafrost thawing, ocean acidification, rising sea
levels) will be accentuated.
• Biodiversity is expected to be significantly impacted at
temperature increases above 3°C.
• Low-lying coastal zones are most vulnerable.
• Extreme events (e.g., floods, hurricanes, wildfires) will
disrupt infrastructure.
• Competition for potable water will become more severe.
• Forests are vulnerable.
• The potential for human conflict is amplified.
• Food systems are at risk, particularly for the poor.
• Negative impacts on health will disproportionately fall
on the poor.
Solutions to climate change. A wide array of technologies will be needed to deal with the impacts of climate
change. This article explores some of the technologies that
have the potential to mitigate climate change. These range
from civil infrastructure projects such as dikes, dams,
floodgates, drainage ditches, canals, and pumping stations
to protect coastal cities from rising sea levels, to geo
engineering approaches that involve large-scale intervention in the global climate, such as filtering carbon dioxide
from the atmosphere and painting roofs and roads with
reflective colors. Most strategies for addressing climate
change focus on reducing the accumulation of carbon
dioxide in the atmosphere.
Abatement potential is the magnitude of potential carbon
dioxide reductions that are technologically and economi-

–0.2
1900

1920

1940

1960

Global Temperature Change
(relative to 1880–1920), HadCRUT4 UK
Global Temperature Change
(relative to 1880–1920), NASA Jan. 2020

1980

2000

–0.4
2020

CO2 Ice Cores
CO2 Direct Measurement

p Figure 3. Global temperature and carbon dioxide concentration are correlated.
Source: Burrows, K., “Is Our Climate Changing? And Why?,” Climate Science for
Skeptics, cs4s.net/climate-2.html (accessed Sept. 7, 2020).

cally feasible to achieve. A study by the consulting company
McKinsey found that almost 40% of the abatement that
could be achieved by 2030 could be achieved at negative
marginal costs — i.e., the abatement technology pays for
itself. Many of the low-cost methods to reduce carbon emissions involve improving the efficiency of lighting, motors,
compressors, engines, and heating, ventilation, and air
conditioning (HVAC) systems.
The article also discusses other technological approaches
for dealing with climate change, including carbon-neutral
electricity, electricity storage, electrification of transportation, carbon-neutral fuels, and carbon capture.
AIChE’s climate-related activities. AIChE updated
its climate change policy statement in 2019. An article
(excerpted from “AIChE Updates its Climate Change Policy
Statement,” The ChE in Context, July 2019, p. 40) presents
the statement and describes the process used by the Public
Affairs and Information Committee (PAIC) in developing it.
The statement can be found at aiche.org/aiche_climate.
It is important that chemical engineers and AIChE
engage in dialogue across traditional boundaries and be
open to understanding risks and creative solutions. Toward
that end, in October 2018, the AIChE Board of Directors
approved the formation of The Climate Solutions Community (TCSC) within the Institute for Sustainability. Its
goal is to lead efforts to develop a portfolio of technical and
government policy solutions to address both industrial and
societal challenges. Engineers and scientists from across
disciplines are invited to participate in TCSC. For more
information and to join, visit aiche.org/community/
CEP
sites/climate-solutions-community.
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